The importance and protection of mangrove ecosystems has been recognized in Brazilian Federal law since 1965. Being protected in law, however, has not always guaranteed their protection in practice. Mangroves are found in coastal and estuarine locations, which are prime real estate for the growth of cities, ports and other economic activities important for Brazilian development. In this mini-review we introduce what mangroves are and why they are so important. We give a brief overview of the microbial diversity found in mangrove sediments and then focus on diversity studies from Brazilian mangroves. We highlight the breadth and depth of knowledge about mangrove microbial communities gained from studying Brazilian mangroves. We report on the exciting findings of molecular microbial ecology methods that have been very successfully applied to study bacterial communities. We note that there have been fewer studies that focus on fungal communities and that fungal diversity studies deserve more attention. The review ends with a look at how a combination of new molecular biology methods and isolation studies are being developed to monitor and conserve mangrove ecosystems and their associated microbial communities. These recent studies are having a global impact and we hope they will help to protect and re-establish mangrove ecosystems.
INTRODUCTION
Our objective is to emphasize the importance of the mangroves and mangrove microbial communities. We also intend to equip the reader with a good understanding of mangrove sediments and the current level of knowledge regarding their microbial communities using Brazilian case studies. Brazilian mangroves represent 8.5% of the global mangrove resource and arguably studies undertaken in Brazil are at the forefront of studies on mangrove sediment diversity, ecology and bioremediation. In the sections that follow, current knowledge on bacterial and fungal diversity of mangrove sediments is presented and discussed. Knowledge gaps for future studies are suggested. their tolerance to these factors, forming characteristic patterns or zones of vegetation (42) . Spalding et al. (64) describe 73 species that inhabit mangroves. This seems to be a large number until a further look at their global distribution is considered. Spalding et al. (64) note that 62 species are found in the Indo-West Pacific realm and only 12 species in the Atlantic Eastern Pacific realm. In Brazil, there are only six plant species typical of mangroves belonging to three genera: Avicennia (Avicenniaceae), Laguncularia (Combretaceae) and Rhizophora (Rhizophoraceae) (6) . On the other hand, the Brazilian Atlantic Rain Forest is home to 20.000 plant species of which 40% are endemic (7) .
Although poor in plant diversity, many animal species inhabit mangroves including arthropods, fish, amphibians, reptiles, birds and mammals. These animals may spend all or part of their lives in the mangroves. Many animals use mangroves during reproductive periods or visit them from adjacent environments in order to find food (35, 54) . Like the mangrove plants that characterize this ecosystem, many of these animals have adapted their morphology and physiology to survive in conditions unique to mangroves (57) .
Different to most soils, pristine mangrove sediments are predominantly and persistently anaerobic. The fine fractions (mainly silt and clay size particles) dominate their texture combined with high concentrations of organic matter and salts (57) . The tidal nature of mangroves impacts significantly on salinity and nutrients making them highly variable (29) .
Although these general traits are common, many other factors impact on sediment development including tidal range, local climates and substrate (46) .
Mangroves play an important role in cycling energy and nutrients, and are vital exporters of organic matter to estuaries and coastal formations. They are wildlife refuges for both sea and terrestrial animals. They serve as natural shelters and nurseries for numerous aquatic organisms. This trait has guaranteed their use for fishing and cultivation of economically important species such as shrimp and prawns (6, 35, 63) .
Given that mangroves are mostly tropical or close to the tropics, they receive a lot of solar energy. Light, abundant water, and nutrients from organic matter rich mud results in very high rates of biomass production. The net primary production (NPP) in mangroves is about 9.3 t ha -1 per year Microbial diversity in Brazilian mangrove sediments (64) . This level of production makes mangrove forests one of the most productive ecosystems on the planet and about 50% more productive than other tropical forests that produce about 6 t ha -1 per year (64) . Mangroves deposit large amounts of organic carbon to sediments, estuaries and the neighboring ocean. This in turn provides the basis for an enormous food web with the release of nutrients from the sediments mainly controlled by the microorganisms (28, 64 Who is who in the microbial communities of mangrove sediments and are they important?
Alongi (2) has made some interesting observations about microbial communities in mangrove sediments. We read that the total microbial biomass is never greater than 1.2% of the total mass of detritus. Bacteria and fungi make up about 91% of the total microbial biomass, while algae and protozoa represent 7% and 2%, respectively in these ecosystems. The importance is not so clearly defined (19) . Like the bacteria, the Microbial diversity in Brazilian mangrove sediments fungi are ubiquitous. Their tiny spores are dispersed by the wind and environmental conditions will select the groups that will prosper (17, 50, 68) . Successful colonization and high fungal biodiversity is favored by moist conditions, environments rich in organic matter, aeration and low pH amongst other factors. Though potentially ubiquitous, some fungal species are restricted to very specific niches and are endemic, especially the symbiotic and parasitic forms (25) .
Marine sediments are inhabited by fungi. They are found in shallow coastal sediments as well as in deep sea sediments (50) and also are common in mangrove sediments (50) . 
Microbial communities found in Brazilian sediments
Many of the studies that have been published about highly impacted and two better-preserved. They also observed a wide variety of yeasts, and also detected differences in abundance and diversity between the sampling sites. A possible explanation given was the presence of pollutants in these environments (yeasts from the Coroa Grande's mangrove, the more polluted area, were more diverse and abundant than yeast from the Suruí's mangrove). Using conventional methodology and DNA sequencing techniques they described 29 genera.
Candida was also the most frequent and the presence of pathogenic species which would indicate the presence of fecal contamination were also reported. sediments. There are a number of reasons for this, including the fact that short fragments of ribosomal DNA so frequently used to describe bacterial diversity are too conserved to adequately describe fungal diversity. There is also a real need to refine and agree the molecular markers (genes) for fungal taxonomy.
Agreement is required so that molecular methods can be effectively used to identify diversity as has been done for the prokaryotes. At this time there is a need for culture dependent techniques to be applied to mangrove sediments to create collections of fungi from this ecosystem. In this mini-review perhaps the most interesting findings on mangrove sediment diversity and function have come from microcosm studies
where a hypothesis has been tested and an attempt to understand physiology has been made. Mangroves are plant driven ecosystems and in Brazil, different to Asian mangroves in Brazil these ecosystems often depend on just three tree species. These three species are resilient but not invincible. The microbial diversity seen in mangrove sediments has its own intrinsic value but we must not forget that it has evolved with a limited set of tree species and still resulted in an organic biogeochemical web of untold potential. Santos et al. (51) , in a review on mangrove pollution, correctly recognize that the mangrove trees are themselves the most easily recognizable indicators of mangrove health. Studies from that group are developing inoculants of plant growth promoting bacteria that degrade PAHs in the hope that a microbial boost will help mangrove plants re-establish in the areas that have been lost.
Recent (23) and high impact studies cited in this mini-review herald a brighter future for Brazilian mangroves.
